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1.0 INTRODUCTION AND SUMMARY

)

Motorola is submitting this éinal report to complete the final requirements
of Contract NAS 8-205L6. It covers the period from June 1, 1966 to September 1,
1966, In addition, it summarizes some of the significant events of the CCS Test
Set program since the beginning.' Included are technical achievements, schedules,

additional test data, and recommendations.




SECTiON II

2.0 REVIEW AND ACCOMPLISHMENTS

2.1 SUMMARY OF SCOPE AND CHANGES

The contract was signed on 3'December 1965. It provided for the delivery of
five (5) Command & Communications System (CCS) Transponder Test Sets with suitable
documentation, and limited personnel training at both Kennedy Space Center (KSC)
and Marshall Space Flight Center (MSFC). Delivery of the first unit was initially
scheduled to be 17 weeks after coﬁtract‘award. Subsequent units were scheduled
to be delivered in 3-week intervals, except that the last 2 were to be delivered

concurrently. The actual shipping dates agreed upon, test set configuration, and

destination are summarized as follows:

Serial . Type of Inter~rack
Date Yo, . To _Racks Cablinp
L April 1 "MSFC (for IBM) Motorola Top
25 April 2 KSC GFE Top
16 May 3 MSFC (for IBM) Motorola Top
6 June L - KsSC GFE Top
6 June 5 MSFC Motorola Lower-Roar

On 3 January 1966, Motorola was verbally redirected to provide an automatic
precisinn ranping system in place of the one specified in the original work
statement. Sipnificant features. of thi§ system were agc of the clock, automatic
code acquisition, and a 1 nanosecond resolution Range Delay Counter. It was
apreed that Test Set S/Nt's 1, 2, and 3 would be delivered without any ranging
cystem, Serial No,'s Iy and 5 would have the ranging capability included at
delivery, Then S/H's 1, 2, and 3 would be retrofitted in the field at 3-~week

intervals . following the delivery of the last test set.




During a subsequent meeting in January, other changes were discussed in

addition to the ranging and were later incorporated into the system by a contract

Modification Number 2, These items were:

1. The addition of an automatic sweep decay circuit for use in carrier

2.

L.

6.

7.

9.

acquisition tests.,

The addition of a 600 kHz VCO in each of the 5 systems.

Addition of the capability to adjust the output of the TWT Power
Amplifier continuously.

The addition of an audio monitor for the receiver and 2 head sets
in each of the S systems;

Provisions for a 10K output impedance on the transponder telemetry
functions., These were originally specified to be 1X.

Change the input to the PCM Telemetry 1.02L MHz Bi-Phase Modulator
from single-ended to double-ended balanced to ground at the front
panel of the modulation contfol.

Provide 5-20 Mz crystal filters with 2 kHz bandpass, for installation
on the Hewlett~Packard RF Specﬁrum Analyzer.

‘ake provisions for monitoring the external telemetry function of
the transponder when the Test Set is in the VAB or PAD modes.

Add a draver (Antenna Status drawer) with lights, amplifiers, and
power supply for the purpose'of monitoring the condition of r-f

switches external to the Test Set,

Due to above chanpes, a revised delivery schedule was agreed upon which is

summrized as follows:

Test Sebs Shipping Date Destination
S/N 1 - L-13-66 MSFC
S/N 2 : L-28-66 KSC
S/N 3 O-1l~65 MIFC
S/l - 6-23=66 M3 FC
S/N S | _ =866 KSC

2=2



Ranging Retrofit to be included in S/N I and S/N S.

Retrofit for Shipping Date

S/N 1 : 6-23=-66
S/N 2 : 6-8-66
SN 3 : 6-23~66

During February and March, the program slipped behind schedule due to a
variety of problems, such as parts shortages, the impact of the changes, and
technical problems associated with the first unit. During April a meeting was
held with key personnel from both MSFC and Motorola, Technical and schedule
problems were discussed in detail. MSFC requested a firm schedule commitment
from Motorola for all deliverable items. Motorola assured MSFC that major

ermnphasis was being placed on the program. The revised schedule was presented

to MSFC and is summarized.

AT DESTINATION

: (Assuming Shipment in
DELIVERABLE TITEMS an Electronic Van)

Test Set |

S/¥ 1, less Ranging . S-1L-66
S/N 2, less Ranging : ,b 6=~20-66
S/N 3, less Ranging. o 7-10-66
S/N S, compléte i 8-~10-56
S/N L, complete | . 8-28-66

Ranging Retrofit

S/N 1 and S/N 3 8-28-66
5/0 2 | 8-10-66

Antenna Status Panel

S/ 1 | 6-1566
SHl 2 ' 6=30-60

o py o - Past Sat
5/ 3, by, 5 Concurrent with Test Set
u/w 3’ by 5

. DELIVERY SCHEDULE

L 3
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DELIVERY SCHEDULE
AT DESTINATION

, (Assuming Shipment in
DELIVERABLE ITEMS o an Electronic Van)

Documentation

Preliminary Draft Documentation Concurrent with Test Set

s/N 1, 2, 3
Final Documentation with copies
concurrent with -

2 ea Test Set S/AN S5 8=10-66

2 ea Test Set S/N 2,.Retrofit 8«10-66

2 ea Test Set S/N l; 3, Retrofit 8-28-66

2 ea Test Set S/N L 8-28-66
Documentation Reproducibles, 2 ea 9-1-66
Final Report 9-8-66

Full Size Documentation Reproducibles 9=-8-66

After the checkout and test of Systém No., 1, technical problems were un-

covered which Motorola investigated on éUbsequent units, Numerous meetings

were held to determine how important the problems were and the extent of the

fixes.

1.

3.

These problems were:

VCO phase jitter was within spec, but it was felt that it could be
improved.,

The r-f leakapge was not completely covered by the specification and
some deficiencies were found.

PCM driver did not meet gll of the desired requirements, althouprh it
did meet the procurement specification,

The Huphes TWI Amplifier did not meet the RFI specification.

A transient was observed when switching between MGC and AGC which was

out of spec,

Sporadic oscillation in the receiver AGC loop.

2=l




It was agreed that all but the MGCkAGC transient would be fixed either prior
to delivery or in the field as a retrofit. A more detailed discussion of the
problems and solutions follow. ‘

The r-f leakage problem inclgded} v(l) The Test Transmitter leaking into
the Transponder Receiver during the Self Test mode; (2) the Transponder Trans-
mitter output leaking into the Test Reéeiver during the Self Test and VAB modes;
and (3) the Test Transmitter output leaking into the Transponder Receiver,
around the uplink attenuator, in VAB and PAD modes. The first two problems were
resolved by relocating some of the coa#ial relays and installing rigid coaxial
cables in appropriate places. The third problem was correéted by relocation
and shielding of a coaxial relay; shlelding an isolator; and soldering rigid
coaxial cable to connectors.

The VCO phase jitter problem was evaluated during checkout of S/N 1, A new
rupgiredized crystnl mount wau inc&rporutéd and a new circult layouwt wnn implemontod
on later units,., As a result of the desipgn lmprovement, the performance of the
later VCO's was found to be reliéble and repeatable, The combined transmitter/
receiver phase jltter over the total tuning range averaged between L° to L.5° rms
in the LO Hz loop. The specification required a maximum of 7°.

It was agreed that the PCM dfiver module would be redesigned., This was ac-
complished and the new module was fopnd to meet all of the requirements necessary
to interface with the transponder,

The first delivered Hughes TWT Amplifier failed to meet the radiated inter-~
ference limits of MIL-I-6181 and'was'returned to the vendor for repair. It was
repaired and retested at Motorola., The tests proved successful and the unit was
shipped to KS5C for installation in S/N‘Z Test Set. The ilmprovements made in the
first T4T were incorporated in the second unit prior to shipment from iughes.,

The receiver AGC amplifier oscillation was evaluated and fixed with the

addition of a capacitor.

LesT—
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The various problems and associated solutions were implemented prior to
delivery or as part of a field retrofit program.
Table II-1 summarized the status of the Test Sets as they were delivered

and the retrofits performed.

2.2 REVIEW OF SCHEDULED AND ACTUAL DELIVERY DATES

The following summary indicates schedule performance with respect to delivery

of completed hardware,

ORIG  SCHED REVISED ACTUAL
ITEM DESCRIPTION _DEL DATHE DEL DATE SHIPPING DATE

1. Test Set S/N 1 L -13-66 g1l =66 §-7-66
(less Kanging and ‘

Antenna Status Panel)

2. Test Set 5/N 2 L-28-66 6-20~66 6-6-66
(lecs tanpging and Note 1.
Antenna Status Panel)

3. Test Set 35/N 3 5-4-66 7-10-66 6=2~66
(less Ranging) . Note 2.

i. Test Set S/N L - 6-23-66 9-1-66 8-1-66

5. Test Set S/N S 6-8-66 8-1L-66 7-20-66

6. Ronping Equipment 6=-23-66 9=1-66 7-29-66
(letrofit for S/N 1)

7. Antenna Status Panel & "~ Not 6-30-66 6=11-06
400 kv Ose, for B/N 2 : Applicable

e  Antennn Sbatus Panel & Not 6=15-06 63060
fody Wiy Ooe, for 5/N L Applicable
Hobe L, Test Set 5/N 2 was ordlpidnally scheduled to be delivered less

Ranging KEquipment; however, it was possible to incorperate
the Ranping Equipment in this set and avoid the retrofit
effort., This was done at some delay in shipment of the
Test Get,

Hote 2, Test Set S/N 3 was originally scheduled to be delivered withe-
out Ranging Bquipment and retrofitted. This was not necessary
as Hanpine Bquipment was available in time to be incervorated
in S/H 3.

2-6
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2.3 SIGNIFICANT TECHNICAL ACHIEVEMENTS

A considerable amount of effort was expended in assuring that the Test Set

would meet all of the technical objectives, namely: (1) Meet specifications

as called out in the Work Statement, (2) Provide capability for completely evalu=
ating the CCS Transponder, (3) Provide an accurate simulation of the MSFN Ground
Station, and (L) Provide a flexible switching'arrangement $0 that tests may be

conducted accurately with a minimum of set up time. The following is a more

detailed discussion of the significant technical achievements.,

2.3.1 MSFN Simulation

Because the Test Set is designed to test a transponder that is to be compatible
with NASA's Manned Space Flight Network, an early ground rule was established
that this Test Set simulate the MSFN G;ound Station equipment as much as possible,
Motorola has built all of the types of equipment so represented in the MSFN. The
Test Set, then, 1s essentially, identical to the MSFN equipment. Similarities/

differences are as follows:

a, Transmitter: The same electrical characteristics as represented in the
YOFH Recelver-Exciter-Ranging Subsystem that Mdtorola has built for NASA.
b. Test Receiver: The same electrical characteristies (in many cases,
the exact same modules) that Mﬁtorola has made for NASA., The only
exceptions were that the‘crystal filter in the IF Amplifier was
chanpged to reduce the "pushing effect" (false lock), and a low noise
parametric amplifier was not included.
c. The 70 kHz Subcarrier Oscillator and the 1,02 Mz PCM Demcdulator
has the same electrical characteristics as the MSFN,
d. The 70 kHz Demodulator and 1,024 MHz Modulator, which are used to
check the Test Set 70 kiz Subcarrier Oscillator and the 1,02k Miz
rCM Demodulator, have characteristics similar to those in the CCS3

Transponder,

2-8
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The Ranging Codes are the same as that used by the MSFN. The
Ranging Subsystem itself, however, is different from that used
in the MSFN System because the MSFN Ranging Subsystem was not
designed to check transpohders. (See para. 2.3.3)

RF Leakage, Isolation, and RF Path Accuracy

Tt was a requirement of the Test Set that the r-f path be accurate to within

+2 db as a requirement, and to within %1 db as a design goal, over the full range

of 170 db, smoothly continuous. The steps that had to be taken to meet these

requirements were as follows:

1.

Extremely accurate, continuously variable r-f attenuators were
necessary, with some sort of redundancy, to give the user a con-

fidence in the attenuator accuracy. 4
Switchable attenuators could not be used to increa;e the range from

120 db to 170 db, so a continuously variable attenuator, calibrated

in 10 db steps, was necessany.l

To meet the additional requirement of high power out of the Trans-
mitter drawer for certain modes, it was necessary to use a variable
attenuator with low insertion loss.

To allow the Test Receiver to oberate as a threshold receiver without
switching the variable attenuator out of the circuit, an attenuator

with low insertion loss was required.

In order to meet the r-f path accuracy, and minimize interference

from one mode to another, it was necessary to keep the r-f leakage

to an extremely low value.
mret Lhe requirements of the above, the followling designs were incorperated:
Two HMarda Type 78L variable attenuators were used, one in the Test
Rreceiver and one in the Test Transmitter. They were calibrated by

inrda, traceable to the National Bureau of Standards, at the

2-9




5

appropriate frequencies of 2101 or 2282 MHz., They were alsc spot~
checked by Motorola's Test Equipment Lab and were in full agreement.
In the SELF TEST mode, one attenuator could be "played" against the
other attenuator, to give the operator a measure of comparative
accuracies of the two attenuators.

The "step! attenuator in the Tést Transmitter consisted of a PRD

198 variable attenuator, calibrated in 10 db steps. This attenuator

ie used in the SELF TEST and BENCH modes, Calibration of this attenuator

is performed by comparing its attenuation to that of the Narda 784
in the Tranamitter.
Tho Narda attemator deseribed above has an insertion loss of less
than L db, Thus, the power out of the Test Transmitter drawer was
Lypleally +12 dbm maximum, whilo roquicing only +17 dbm oub of Lhe
£2)y Multipliier, For the Test {mceiver, the noise fipurc at the input
to the Test Heceiver drawer (Part I) was degraded by only 1.7 db
typleally over that measured at the preselector input, typically
£.5 db,
HF leakage and interference presented possibly the most challenging
problems of the CCS Test Set. Some of the techniques that were used
to solve these problems were as follows:
a. S-band r-f components were placed within a homogeneocus aluminum
box, made so by dip brazing the entire box,
b. The torn and bottom covers of the r-f boxes were gasketed with
a double-layer of r-f gasketing; many screws were used to keep
even nressure on the pasketing,
¢. LbLverything (except S~band) entering or leaving the r-f boxes

was [iltered with suitable r-f filters, in the case of signals,

2-10
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d.

or controlled by non-conduéting rods through tubes that represent
a waveguide beyond cutoff. These tubes were welded to the ap-
propriate wall,

Separate compartments were used when a large amount of isolation
was required for a particulér item. The Narda attenuvators, for
instance, were placed inltheir own compartment, with one connector
of the attenuator protruding through the wall, and r-f gasketed
so leakage would not ;ccur around the attenuator.

Solid shielded coax cable wés used where it was necessary to
reduce the S-band leakage ﬁﬁrough the wall of the coax, such

as to another coax or a "hot" item.

To achieve high isolation bétween different modes, coax relays'
with 70 db isolation (at'S-band) were used, However, the relays
used had poor isolation from coax to out of the relay (50 db or

more), so in some cases, it was necessary to relocate some of

these relays.,

Ranring Subsystem (Delay Measurement)

The sophisticated ranging subsystem represents a significant technical

achievement because of its accuracy, range of operatlon, and ease of operation,.

This subsystem is essentially a second generation of the ranging subsystem that

Motorola developed for the Apollo Block II Special Test Zguipment. Some of the

salient aspects of this ranging subsystem are as follows:

1. It develops the same ranging codes that the MSFN ground station will

2.

use for actual flight,

The aceuracy of measuring the transponder delay is exceptionally high

For nll woles and Lypos of operation. To achicve thils accuvacy, it was

necensary Lo eliminato all VOOYs In the Ramrdlne Rocelver, which glve an

Pt et choagee o deday Foroa loop abress,

¢-11



o Ve o operation of Lho rangdne subnystem, to Lhe point of belny

fool-proof, was 2 prime requirement of the ranping subsystem. This

is partleularly true in the uuLomntic modes, Flexibllity wag requlred

also, so the ranging subsystem may be operated in any one or all of

the manual modes. These automatic/manual modes are:

2. Gain control to compensate for different moduiation combinations
and signal levels into the Transponder Receiver.

b, Acquisition of the PN codes.

¢. Ranging delay measurementis,

2.3.1 TEase of Operation

Of paramount importance in the design of the CCS Test Set was ease of operation.

-
t‘s L

1 functions that are necessary to monitor are Immediately available at one or
more monitor points merely by pushlng a pushbutton, which gives the name of the
function to be monitored (these functions are shown on the Test Set Block Diagram),
il0 patching of cables is necessary., Yet, flexibility is maintained by providing
pusibutions, complete with relays, for additional functions that may be added
iatare Additional flexibility is acéomplished by allowing additional equipment

Lo monitor these selected functions merely by placing the additional test equipment
arross the input to one of the built in test equipment. Thus, all normal functions
are displayed on oscilloscopes, a spec;rum analyzer, and/or a wave analyzer for
rmavimun visual display of electrical funﬂ%io.g. In most instances, there is
redundant measurement techniques allowed; such as, frequency using a counter or

n scope, voltage using a scope, RMS VIVM, wave analyzer, etc, Other fechniques,
such as momentary pushbuttons and colored indicator lights for specific reasons,
shiow that the Test Set was "human enpinecred" for minimum operator oroblems,

Lomg Term Stability

Sricsy on MORG's list of requirements was good, long term stabilivy. This

Vet Dot wns desirned to be stable by the use of inherently stable circuits,

2-12



oven-controlled components and even subassemblies, and high negative feedbacks,
where necessary. In addition, critical subassemblies were checked for drift and
proper operation over the temperature range from 0°C to +55°C, The acceptance

tests included a long term stability test (10 hours) on 9 separate parameters

to prove the stability of each Tést Set.

2.3.6 Radio Freguency Interference

Since the CCS Test Set was to be used at Kennedy Space Center, it was necessary
that the Test Set not emanate interferring signals. Therefore, the Test Set was
designed to suppress or contain interferring signals., The entire Test Set was
the radiated and conducted interference limits of MIL-I-6181D, with
only two failures on the initial tests, Both of these failures were fixed., One
fa2ilure was due to a plece of purchased equipment that did not meet Motorola's

HFI reauirements, and was subsequently fixed by the vendor. The other failure

was a minor failure that was brought within specification limits by proper

Ay

harmination,
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SECTION III

3.0 SYSTEM DESCRIPTION

3.1 GENERAL

The Command and Communications Tésb Set consists of four standard racks of
dravers, designed and built by Motorpla, Inc., off~the-shelf (commercial) test
equipment, and power supplies. Circuit breakers are provided in each rack.
3.2 PURPOSE

The purpose of this Test Set is to check out the Command and Communications
Transponder in four different situations, These four situations or modes of

operation for the Test Set are BENCH XPNDR, BENCH PA, VAB, and PAD modes, A

D]

YIF TEST mode for the Test Set is also provided.

1%

L

In BNCII XPNDR and BENCH PA modes, the transponder and PA are mounted in
the drawer provided in the Test Set. In the VAB, the Test Set is connected to
the transponder by long cables and in the PAD mode the Test Set TWT Amplifier
is put in operation and an air-link is used to the transponder. (Antennas are
not provided. )
2.3 FURCTIONS

Functionally, the Test Set transmits a precisely controlled S-band r-f signal,
vith various subcarriers and modulatioﬁ, to the transponder under test, receives
the J-~band r-f signal reply from the‘transponder and demodulates the various

subcarriers and modulation, In the process, it evaluates a number of transponder

narameters, The Test Set provides the following functions:

»
-
!

our modes of operation, BENCH XFNDR, BENCH PA, VAB or PAD, and
SELE TEST.

b. Transponder and PA Mount drawef for the units under test and
naower for themnm.,

¢, £ ohtable 5-hand PH Test Transmitter.

.3“1
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d. A phase-coherent S-Band ReceiVér Subsystem,

e. A phase-coherent Ranging Subéystem.

f. A Demodulator for recovering subcarriers and the information from
the Test Recelver, |

g. A means of measuring power éutput and modulation characteristics
of the Transponder Transmitter.

h, A Transponder and Power Amplifier Control Panel for monitoring and
controlling the power to'and telemetry from the transponder.

i. A TWT Power Amplifier to obtain an additional 10 watts through an
external antenna to form an air;link between the Test Set and the
transponder in the PAD mode,

3.4 TRANSPONDER TEST SET CAPABILITIES

In the BENCH XPNDR and BENCH PA ﬁodes, the tests in the following list may

be performed on the transponder.

a. Recelver center frequency

b. Receiver tracking range

¢. Receiver tracking rate capability and acquisition capability

d. Threshold sensitivity |

e. Receiver tracking loop bandwidth

fe Receiver AGC voltage versus input signal level

g. Heceiver SPE voltage versus input frequency

h., Receiver 70 klz subcarrier demodulation
1. Sensitivity
2. Signal-to-noise ratio at output
3. Frequency response

i.  Phase response (delay change versus modulating frequency)
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The following transponder (downlink) transmitter parameters can be tested

with or without the power amplifier, and in either the voltage controlled

oscillator (VCO) or the auxiliary oscillator (aux. osc.) mode.

Qe

In

A

Transmitter frequency

Transmitter power output
Transmitter spurious outﬁuts
Transmitter phase noise
1.02l; MHz subcarrier osqiilator and bi-phase modulator performance:
1. Subcarrier frequency {(and ffequency stability)

2. Subcarrier modulation index
3. Bi-phase modulator input sensitivity
i« Subcarrier spectrum and carrier suppression
5. Predetection signal-to-noise ratio
6. Post-detection signal-to-noise ratio
the VAB mode, transponder tests which can be performed are:
fcquisition

Tracking capability

Threshold sensitivity

Transmitter frequency (aux. 6sc.)

Range delay

70 kHz subcarrier performance

1.024 MHz subcarrier frequency,‘frequency stability, and predetection

sirnal-to~noise ratio

In the PAD mode, the same tests can be performed as in the VAR mode by use

of the Tent Set TWT Power Amplifier and appropriate antenna considerations (not

supnlied),



3.5 TEST SET FUNCTIONAL BLOCKS

The Test Set consists of a number of separate subsystems as follows:

3.,5.1 Test Transmitter

It generates a phase=-stable S~band carrier capable of being phase modulated.

3.5.2 Modulation Control

' The Test Transmitter function is entirely contained in one r-f tight drawer.,
The Modulation Control is packaged in one drawer and provides (1) the 70 kHz
. and 1,02, MHz subcarriers, (2) a squargé wave for modulating the 1.02L Miz sub-
1' carrier, and (3) modulation interfaces between external input, PN code input,
etc. and the phase modulator located in the Test Transmitter. The sweep and

decay circuitry and transmitter VCO control are also located in this drawer,

3,5.3 Test Receiver

The Test Receiver Subsystem gonsists of three drawers: A Recelver Control
draver, an r-f tight receiver front end. drawer, and a drawer containing the
remaining receiver modules. This receiver has essentially the same characteristics
as the MGFK receiver that is expecied to receive S-band signals from the CCS
Transponder in flight. |

3.5.t Demodulator

demodulating the subcarriers from the transponder signal and also demodulating
the information off of the subcarriers;

The 1.024 MHz PCH Demodulator and the wideband PM Demodulator operate in a
manner similar to the MSFN Systeﬁx. The 70 kHz Demodulator has characteristics
similar to the 70 kllz Demodulator in the CCS Transponder,

-

3.5.9 Ranging Subsystem

' This subsystem is contained in one drawer and provides the capability of

The itanging Subsystem is made up of three drawers, The Ranging Receiver and

time irterval counter were decigned to allow an operator to accurately test a CCS

:3-11
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Transponder and consequently thelr accuracy exceeds that of the transponder.

The PN Coder/Decoder develops the necessary code and decode functions to enable

the ranging function.

3.5.6 RF Switching Drawer

The R¥ Switching Subsystem is coﬁtgined in an r-f tight drawer, It selects
the mode of operation of the Test Set, determines the inputs to r-f power
monitoring equipments and the Test Receiver. This unit also contains the r-f
converter function used in SELF TEST. |

3.5.7 Switching Drawers

The Switching I drawer is an interface panel for connecting signals to the
RMS Voltmeter, Wave Analyzer, aﬁd Freq@ency Counter., Switching II drawer is an
interface panel for connecting s}gnals to the Spectrum Analyzer, 561A Oscilloscope,
and the 545B Oscilloscope. Switching III drawer is an interface panel for
connecting voltages to the Digital Voltheter.
3.6 TEST SET ELECTRICAL CHARACTERISTICS

Characteristic . Description

Test Set Power Reauirement

Type | 110-120 VAC, 60 Hz, single phase
Power Input o Approx. 30 amps

Test Transmitter/Test Receiver Characteristics

Phase Jitter v 7° rms maximum in a LO Hz loop

RF Path Accuracy _ +2 db maximum, *1 db design goal

Test Receiver Subsystem Characteristics

System Inputs

Center Frequency | | 2282,5 MHz

Cohierent Tuning Range - 24!y kHz (using internal VCOQ)
lion-conerent Tuning Range ' 2270 to 2200 Mz (using an external V.00)
Siennl Level (nominal) - ~60 to ~150 dbm (at preselector input)
Yarinble Attenuator Hange a 0 to 120 db

3-6



Test Receiver Subsystem Internal Characteristics

Voltage Controlled Oscillator
Center Frequency

Tuning Capability

VCO Sensitivity (Kv)

Long Term Stability
Predetection Filter

-3 db bandwidth

Nolise bandwlidth

23.255208 MHz

+2h)y ¥Hz minimum (at S-band
about center frequency

Approx. LOO lz/volt

Approx. 1 x 10'6/10 hours .

6.3 Kllz nominal

10 kHz nominal

Automatic Phase Control Loops and Thresholds

Type

Stronpg Sipgnal Bandwidths

Threshold Bandwidths

50 Hz
200 Hz

700 Hz

Strong Signal Loop Gain

Weak Sirnal Noise Figure

H~ference Oscillator
Frequency

Visual and Aural Aids to Lock .
Aural

Visual

Adaptive, passive

L0 Hz nominal

Level
"1}-15 . 5 dbm
"‘13 9 . h dbm

~133.4 dbm

Approx. S x 106

10 db max. (referenced to preselector
input)

20 MHz 20 Hyo

Speaker/Headphones to DFPE
1. Oscilloscope on DPE

2. Panel meter and digital ViV
indications of SPk, CAD, and AGC

3. Lamp Indicator (from AGC/MZC)
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Doppler Tracking Rate

Strong Signal

Threshold BW ~ Phase Error Min, Doppler Rate
2B1g (degree peak) (Hz/sec)
+
5070 ' 30 1,500
+0 o .
2007 4 30 12,000
700:5% " 30 115,000

AGC Characteristics

Bangzgdth Tiﬁé-C&nstant Loop
Position _ (seconds ) Bandwidth (Hz)
Narrow | 150 0.16 *0.04
Medium »A - 15 1.6 *0.

Wide - Lo 6.0 1,5

RF Signal Level Dynamic Range

Static Gain Stability
(as strong signal)

MGC Control Range

Receiver Subsystem Outputs

10 MHz IF Sipnal to Ranging Receivér‘
Level
Bandwildth

10 MHz Reference to Ranging Reeeivér,
Level

10 Mtz I¥ Signal to Demodulator
Level (limited channel)

Level (linear channel)

.3..8

~-60 to =150 dbm minimum

0.4 db max/10 hours

~60 to =150 dbm minimum

-65 *3 dbm (with AGC operating)

5,5 Miz minimum #8 Mz

+10 dbm %3 db

+; dbm nominal

~32 dbm to +8 dbm
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AGC/MGC Voltage (to Modulation Control Drawer)

Level

fonitor Outputs

20 Mz Reference Oscillator
Frequency
Level
VCO Monitor
Frequenecy
Level
50 Mz Spectrum
Frequency

Level

AGCHGC Voltare Level

Demodulator Drawer Characteristics

Inputs

10 Mz Phase Detector Input
(sipnal)

10 Milz Phase Detector Input
(reference) ‘

10 Ml!z Spectrum Input

Input Bandwidth
70 ktiz Subcarrier on 10 MHz
Type of Modulation on 10 MHz
Type'bf Modulation on 70 kliz
1.024L Mile Subcarrier on 10 Miz
Tyne of Modulation on 10 MHz

Type of Modulation on 1.02L MHz

0 to -~10 volts

20 MHz

+1,5 dbm %1,5 db

23 Mdz nominal

0 +3 dbm

S0 Mlz nominal

LO db above input signal level
(nominal)

0 to ~10 volts

+ dbm 1 db
+10 dbm %3 db
«22 dbm nominal

=12 dbm max, for linear operation

3 MHz minimum

Phase

Frequency

Phase

Bi-phase
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Demodulator Drawer Internal Characteristics

10 ¥MHz Detector

Type
Output Level (W,B.)

DC Bandwidth (W.B.)
70 kHz Demodulator
Type

Carrier Frequency

Predetection =3 db Bandwidth‘

Input Level
1,02 MHz Demodulator
Type
Predetection =3 db Bandwidth'
Carrier Frequency
Maximim Information Rate
Loop Bandwidth, 2By,
Spectrum Translator

Input Level for Linear Output

3-10

Phase

(Ka) x (Sine of Mod. Index)
where Kd is approx. 10 mv/°

DC to 1.5 Miz

FM (Pulse-counting)
70 %1 kHz
20 *5 kHgz

0.1 to 1.0 VEMS

PM with Phase-Lock Loop
160 kHz *10%

1,024 MHz #50 Hz

72 Kilobits/sec,

750 Hz, 150 Hz

=22 dbm maximum
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Demodulator Drawer Outputs

10 iHz PM Demodulator

~ideband Output (Front Panel)

L.F. Output Bandwidth

70 KHz Pre-~filter output levéi
70 Kliz Demodulator Outputs
Numper
Level (95 ohm load)
Bandwidth (-3 db)

Phase Linearity

10 MHz Prefilter output level.

1.02h ¥Hz Demodulator Outputs (2)

Level
Frequency
Logic

VCO Test Level

Modulation Spectrum
Level

Bandwidth

600 KHz “odulator
Type
Center Frequency
Deviation (by PCM)
Linear Range of Neviation

Output Level (into 950 ohhs)

3-11

High Z Load only

100 Hz to 10 KHgz

‘approx. 6 db below input
Two

1V RMS for 5 KHz peak dev,
100 Hz to L4 KHz minimum

700 - LOOO Hz, within % 20 usec

300 ~ 700 Hz within £ 120 ¢ sec

Approx. 6 db below input

5V p-p

Limited bx Prefilter

Ambiguous

4, dbm nominal

1 VEMS maximum

2 Mz minimum

FM by PCM Output
600 KHz

36 + 6 KHz peak
to 5L KHz peak

1 VRMS to 2.5 VRMS
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Modulation Control Drawer Characteristics

Drawer Inputs:
Command Modulation on 70 KHz
Level:

Bandwidth:

PCM Moduvlation Input

Level:

Square ‘YJave Generator
(internally generated)

Frequency (Front Panel Adjust):

PRN
Level:

Bandwidth («3 db)

Sweep
Level:

Frequency

Drawer Qutputs
Composite PM and Monitor
Output Level:

Bandwidth:

VCO Control and Monitor
Level:

Bandwidth:

3-12

5V p-p maximum

DC to 10 KHz

10 V p-p nominal

50 Hz to 36 KHz minimum

L V p-p maximum

DC to 2 MHz

15 V p-p maximum

DC to 10 Hz
5V p-p maximum
DC to 2 MHz, minimum

* 6,5 volts

DC to 10 lz
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Monitor Outputs

Circuits

Sweep Drive (to HP 3300A)

Frequency (Front Panel Adjust)

PCM Input, command modulator
Input, 70 KHz SCO Output,
1.024 Miz modulator output,

. sweep output

0 to =10 VDC

(The input to the HP 3300A function generator is normally disconnected

at the rear of the HP 3300A. Thié allows the HP 3300A dial only to control

the frequency. when the frequency of the HP 33004 is to be remotely adjusted

by the lodulation Control Drawer, remove shorting bar from rear terminals of

the HP 3300A and attach cable ZWL2 to the HP 33004,

Transmitter Drawer Characteristics

Drawer Inputs:
Phase Modulator Input |

Frequency

Yodulation Capability

Frequency Modulator Input _
Frequency (sweep rate)

Level

£xternal Oscillator Input

Frequency

Level

3-13

+

DC to 2,0 MHz

0 to 3 radians minimum

0 to 100 Hz minimum

0 to * 6.5 V DC nominal

approx. 22 Miz, or 1/96

of output frequency

+10 dbm +6 = 0 db



Drawer Outputs:

VCO Frequency Output (to counter)

Frequency

Level

VCO Ranging Reference Output

Frequency

Level

S=Band Outputs

Nominal Frequency

Tuning Range

RF Bandwidth
(external VCO)

Residual AM

Power Meter Output Level '
Spectrum Analyzer Output Level

Ki* Switehing Drawer Low Level

TAT Amplifier Output

22 MHz approx. or
1/96 of S-Band output

_frequency

O dbm * 3 db

22 MHz approx., or 1/96

S=~Band output

10 dbm £ 3 db

2101,802 Miz (provided

by the internal VCO

+ 222 KHz minimum

about nominal center frequency

Flat to within 1 db at * 5 Miz

t 1 db maximum when phase

Modulated to 3 radians

+5 dbm ¢ | db

-25 dbm t S db

Variable ~8 dbm maximum to

=170 dbm minimum. Séttable t 1 db,
calibrated to within * 2 db

Variable +13 dbm to -~107 dtnm



RF Switching Drawer Characteriéﬁics

SELF TEST Mode:
Input signal (J9)
Frequency S 2101.8 MHz %220 kliz
Level o -10 to ~160 dbm

Outvut Signal #1 (J5)

Frequency o ; 22682.5 MHz nominal
(Input signal frequency : +160,698 MHz )
Conversion Loss 1 36 db maximum

(with =10 dbm input)

Output Signal #2 (J4) : 10 db below #1 output

Output Signal #3 (J8)

Frequency ’ ' 45.,174500 MHz *+ 150 Hz

Level into 50 ohms 3 +10 dbm nominal

Bench Transponder Mode:

Input to output insertion losses at 2282,5 MHz

J9 to J10 o 2 db nominal
J1 to J5 - 60 db nominal
J1 to Jh , 70 db nominal

Rench Power Amplifier Mode:

[nput to output insertion losses at 2282.5 Mlz

J9 to J10 ' 0 db nominal
Jl}[ to J() v < 60 db nominal
JU to Jdhy A 70 db nominal

3-15



VAB Mode:

Input to output insertion losses at 2282.5 MHz

J13 to J5 | LO ab
J13 to Jb ) 50 db
PAD Mode:

Input to output insertion losses

J11 to J12 1.5 db max, at 2102 MHgz
J12 to Jh 1.0 db max, at 2282 MHz
Power Monltor Meter Zéro Set = )

(Depress MuTER ZERO SET switch)

Input to output insertion losses at 2102 Mz

J7 to J6 : 2 db maximum

Power Monitor Transmitter Out
(Depress XMTR OUTPUT switch)
Input to output insertion losses at 2102 MHz

J7 to J6 o 0 db nominal

Power Monitor Bench Downlink
Bench Transponder R¥ power output
(Depress both BENCH XPNDR and BENCH DOWN LINK switches)
Input to output insertion at 2282 Miz

Ji to J6 o 2 db maximum

Power Monitor VAB Downlink
VA3 downlink RKF power
(Depress both VAB and VAB DOWNLINK switches)
Input to output insertion.lossesiat 2282 MHz

J13 to 46 2 db maximum

3-16




Power Monitor Pad Uplink
PAD uplink RF power output
(Depress PAD UPLINK switch)
Input to output insertiongloséeg‘at 2102 MHg

J11 to Jb6 : 41 db nominal

Ranging Subsystem

Type: f Uses a pseudo-random noise ranging
o code with direct delay readout in
nanoseconds, for delay less than
1 millisecond, and readouts in bits

.and nanoseconds for longer delays.

Code: ) A LUNAR  code of 2,728,3L1 bits and
a SATELLITE code of 35,805 bits -
identical to the JPL Mark I Ranging
Codes. Mﬁximum unambiguous range
of LUNAR Code; 513,000 miles,
Maximum unambiguous range of Range

Delay Counter: 999,999 NS (approx.
100 miles)

Code Acquisition Automatic " "1, Rate of search: 0.5 seconds per bit
2. Range of search: 15 bits over any

preset range from O to 999 bits.

3, Indication of acquisition: automatic

when correlation exceeds L2,5%.

3-17



Code Acquisition: Manual

Correlation Detection:

Resolution:

Accuracy:

Ranging Receiver

General Type:

Dynamic HRange:

Clock Frequency Range:

Delay Stability:

3-18

1. Type of acquisition: full

code or by sub-codes

2. Indicatlion of acquisition:

visual indication of corfelation

‘absolute level of correlation voltage
in automatic mode, relative levels

in manual mode.
* 1 nanosecond

Dependent on input signal (clock
power) to noise ratio and the sampling

period selected,

automatic phase lock
automatic gain control

static offset frequency (zero doppler)

Exceeds LO db (PRN sideband power
greater than =65 dbm to less than

=105 dbm)
495,334 KHz * 25 Hz

* 2 nanoseconds due to frequency
offset 5 nanoseconds max., for PRN
sideband power between =70 dbm and

=100 dbm,

10 nanoseconds maximum for ambicnt

temperature variation of 20%F




AGC Loop Gain: T 30 db/db minimum
Clock Phase Tracking Loop Noise . 2 Hz nominal
Bandwidth: Lo

Transponder and PA Control Drawer Characteristics

No signals are generated within tﬁe Transponder and PA Control Drawer. One
subassembly serves as a lamp driver gnd a single-ended to double-ended PCM
driver. A second subassembly contains 10 relays for voltage monitoring. The
power and telemetry signals controlled by this drawer provide operating power

and monitor outputs for the Transponder and Power Amplifier under test,

Transponder and PA Mount Drawer Characteristics

No sipnals are ,enerated by the Transponder and PA Mount Drawer,

Switching I, II, and IIl Nrawer Characteristics

The signals to be monitored on the three switching panels are selected by
the individual pushbutton switches oh each drawer, Each drawer contains

several subassemblies containg 10 relays for voltage monitoring.,

TAT Power Amplifier Characteristics -

(Included only in Test Sets SN 2 and S)

Procurement specification o Motorola No, 12-21510H, Issue X4
Saturated Power Output ' +43 dbm (20 watts)
Saturated Power Gain . ' +33 db minimum
Noise Figure b. : +35 db- maximum
Center Frequency , , 3 2101.8 MHz
3-19




SECTION IV

4.0 ADDITIONAL TEST DATA

Many measurements were made on CCS Transponder S/N 2, using the CCS Test
Set., Some of those tests were performed in the course of the acceptance tests
performed on some or all of the Test Séts. Other tests were performed on one
or more Test Sets, primarily to assure nsathat the Teat Set would perform the
functions of testing the transponder in an accurate manner. Some of the later

set of tests (those not in normal accéptance tests on the Test Set) are described
here. _
L.l SIGNAL-TO-NOISE RATIO OF 70 kHz DEMODULATOR
Figure l~l shows the signal-to-noise output of the 70 kHz Demodulator in the
Test Set vs. signal level into the Test Receiver, This curve marked —& — -2
and Table IV-lgive the pertinen£ parameters, (This data was taken from the
acceptance tests on Test Set S/N.h.) 1
The curve marked — {3 — -{_]— . .on Figure 4l is the signal-to-noise out
of the 70 kHz (Command) Demodulator‘in the transponder, Note that this curve
is approximately 2 db worse than that out of the Test Set 70 kHz Demodulator (at
weak signals), which is the differencé;in noise figures of the two receivers,
This proves that the Test Set 70 kHz Demodulator performs in a manner quanti=-
tatively similar to the Command Demodulator in the transponder, '
The third curve of Figure l«l that is marked —O—O— , was taken
in a different manner than normally done, The Test Transmitter was modulated
with a 70 kHz subcarrier. This.sub;arrier was turned around in the transponder
through the ranging channel, modﬁlafing the downlink with the 70 kHz signal ;
and noise, The 70 kHz subcarrier was demodulated in the Test Receiver, and the |
signal-to-noise out of this demodulator was measured as the transponder receiver

input sipnal was reduced. The downlink signal into the Test Receiver was kept

b=l
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strong (approximately =70 dbm). - The explanation of why this curve did not agree

identically with that out of the transponder 70 kHz demodulator is beybnd the
scope of this report.

., Table IV-1,
Conditions for Figure L-~1,

, Test
Modulation : Transponder  Receiver Modulation
on the 70 kHz Demodulator Noise Noise Index of
Curve Subecarrier Used Figure Figure 70 kHz
—Z - 2"\ [2 xiiz sine] Test Set N/A 8.5 db 1,2 radians peak
wave at
~-3- - =] - 5 kHz peak Trangponder 10,5 db N/A 1,2 radians peak
deviation
—o0—=0 Test Set 10,5 db 8.5 db ("1,2 radians peak

up

1,16 radians peak
down

L.2 COMMAND CHANNEL PHASE RESPONSE

The Test Set 70 kiz Demodulator was designed to be essentially the same as the

Command Demodulator in the transponder, There is one difference, however: the

output filter in the Test Set 70 kHz Demodulator was designed to have flatter
phase response than the corréspondiné filter in the transponder, This agreed
with the philosophy that the Test Set should be the same electrically as the
corresponding circuit in the transponder, but the test circuit should be quanti-
tatively better so it can be used to:test the transponder,

Phase response, or time delay, wpich is really the important parameter, was

measured on all 70 kHz Demodulators as part of the drawer tests on the demodulator.

The results of one of these is plotted on Figure 4-2,
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L.3 TRANSPONDER RANGING DELAY

Using the CCS Test Set, the ranging delay of a CCS Transponder can be easily
determined. This was done on CCS T;ansponder S/N 2 using several Test Sets,
a. Ranging Delay as Uplink Signal Level is Changed

The transponder suppresses the‘turn-around ranging power (the ranging

power into the ranging receive?) when the r-f signal into the trans-

ponder receiver is reduced, Tﬁis effect is shown in Figure L-3.

(See Reference 1,) | |

Because of this turn-around éuppression, the ranging rcvr, is required to

‘be able to operate over a ﬁide7ranging power, For this reason, a

ranging delay vs. ranging power test is performed on each Test Set

in the SELF TEST mode., These results are plotted on Figure L-4 for

three different Test Seté, but;tn a manner modified from the original

data. Figure L=l converts "reduction in ranging power, in db" to

"Received signal Level into'S/ﬁ 2 CCS Transponder, for 0,6 Radians

fodulation on Uplink",

Part of each of these curves are due to the Ranging Receiver operating

in noise, and part of the cﬁfve due to the method in which the test

was conducted., For this test, ﬁhe modulation index of the ranging

was changed to similate a reduétion in ranging power on the downlink

by the Transponder HReceiver suﬁpression. However, the modulation

index was changed by adjusting a pot on the modulation control drawer,

As the pot is adjusted, the upper frequency is changed, which changes

the time delay. Our experiehce has been that the change in time
Reference 1, Pages 103-105, nElectronic Systems Test Program Final Report CCS

Transponder/MSFN for Compatibility and Performance Evaluation',

Information Systems Division, NASA, Manned Spacecraft Center.
teport CB=~66-3302-U, 15 April 1966,

L5
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b.

delay due to the modulation control is greatest at higher levels of
modulation (modulation index). Hence, only the part of the curves

to the left (lower signal leveis) of =100 dbm, represent the real

"time delay change in the Ranging Receiver due to change in ranging

modulations, This part represents a correction tq total ranging
delay of a transponder when measured in Test Set S/N 2, Applying
the above correction giv#s the‘ranging delay just due to the transe
vonder itself, Both the correction for S/N 2 Test Set and the
corrected curve are shown in Figure -5,

Ranging Delay vs, Changelin'Carrier Frequency

Figure li-6 shows the change in ranging delay through CCS Transponder,
S/N 2 using Test Set S/N 5, Also, the change in delay through the
Test Set itself (in the SELF TEST mode) is shown, as the frequency
is changed. Keep in mind théttthere is only 1 ns resolution, so
these curves are not too accuréte. However, they do show that the
change in delay through S/N'Q Transponder and the delay through the
CC3 Test Set is insignificant.‘ For comparison purposes, the change
in system delay through the modified DSIF Receiver-Exciter-Ranging
Subsystem (S/N 3) with Apollo Block I CSM Transponder S/N E-2 is
shown, at least in part (See Reference 2), It is not fair to make
a direct comparison of those t@o curves, The second curve is shown
to 1llustrate the effect of VCO loops in the Ranging Receiver. This
shows the reason why this Te;t Set, designed to test a transponder,
is more accurate than other de%ices that use the VCO loop method in

the Ranging Recelver.

Reference 2, "Task I - Final Report, Apollo Unified S-Band System Block I

Compatibility Test Program" Motorola, Inc., Report WF 2996-23,
8 September 1965. .

L-8
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SECTION V

5.0 RECOMVENDATIONS

The CCS Test Set represents a complete Tést Set that meets the objectives for
which it was designed. There are several things that could be done to improve
its usefulness for MSFC,

5.1 DMPROVED STRONG SIGNAL PERFORMANCE OF THE TEST RECEIVER

The strong signal performance of the Test Receiver, being the same as the
DSIF and MSFN Receivers, is limited by the signal-to-noise out of the receiver,
This sirnnl-to-noise ratio is limited because of the gain distribution of the
receiver, Fipure 5-1 showa the sinnal'nnd an estimnte of the nolse at certain
points of the Test Recolver., Some of thone are estimates, and indeed, the
critienl nolse contrlbuting ntnggn are not spocified, However, a study of this
firpure Iindlicates why the strong sign&l4signal-to-noiae ratio is not better than
it is,

Shown on Fipgure 5-1 are attenuators "X", These attenuators do not exist in
the present Test Set Receivers,'but could be added quite easily, Tables V-la
and V-1b show the signal and noiée at various points for X = 0 and for each
X = 20 db, respectively. For the present Test Receiver, the output signal-to-
noise ratio is =12 db for a noise bandwidth of L MHz, which is approximately
the two-sided noise bandwidth of the PM output, For X = 20 db, this signal-to-
noise increases to +8 db, for an improvement of 20 db.

There is a penalty one must pay fof this strong signal improvement in signal-
to-noise - the threshold performance of the test receiver may suffer. The
receiver was designed to be used in thé DSIF System of JPL, where thresholds of
lower than -170 dbm were specified (using a traveling wave maser)., At this
sirnal level, the i-f amplifier.musé have 50 db gain for X = 0 and 70 db pain
for X = 20 db, The AGC'd amplifier payt of this module is not capable of 70 db

. 5-1
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gain, For the MSFN System, signal levéls can go to about ~158 dbm, For this
Test Set, signals can go to abouﬁ -lso,dbm. The i-f amplifier probably has
adequate gain for -150 dbm, if X = 20 db.

Signal levels at other parts of the Test Set will be incorrect if this 20 db
pad is added. For instance, the aevel'to the ranging will‘be -li5 dbm, instead
of the -65 dbm required, Also, the level to the 10 MHz narrowband amplifier,

3A1A10, should also be reduced to -65 dbm. These corrections are made by adding
X, and X3, also 20 db.

.2 MODIFICATIONS TO ALLOW MORE COMPIETE INVESTIGATION FOR COMMAND CHANNEL

The 70 kHz Demodulator in the Test Set, and that in the Transponder, can be
quantitatively checked by measuring signal-to~noise output, This does not give
a complete picture of the perforﬁance of the command channel, however, the method
that MSFC has used was to correct the command decoder and measure message reject
rate, With slight modification,’the‘CCS Test Set could be made to measure sub-
bit error rate and/or message reject rate. A scheme to do this is shown on
Figure 5-2,

The blocks shown in solid lines on the right part of Figure 5-2 would be
needed to determine sub-bit error‘rate kSBER). Errors would be counted on an
events counter. (The HP-5245L, instélléd in the Test Sets, can be used without
modification.) o

Since the sub-bit rate is 1 kb/s, bits transmitted can be determined either
wlth an events counter, or a watcﬁ. Thé detector should be identical electrically
to that in the command demodulator.

The blocks shown in dashed lines represent that which would be added 1if
message acceptance pulses (MAP) and més§age reject pulses are to be counted,

Y.escapge reject rate is messapges rejected per messages sent,
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Tabie V=la

Signal and Noise Levels
CCS Test Receiver As Is

: Total
Sig. N N Noise
Level A B NBW Power S/N
Symbol Point dom . dbm/cy dbm/cy MHz dbm db
Py S-Band Input =70 -~ a6 10 -9l +2l;
: o (referred
to input)
P, Input to AGC'd =20 e - -11h 10 -4l +2);
AmP . .
P Output of -90 - -18l 16k 10 -9l 4
AGC'd amp
PL Input to Mixer -80 = -15y4 =16} 10 -8l +
Pg Output of Mixer =90 - =164 =14 10 (N -16
Pg 10 MHz Output -80 134 ~164 10 N -16
P 10 MHz Output -80 = -134 -16Y N 68 -12
P, Input to 10 Mz 6§ =119 -164 L -53 -12
Amp/Filter
Table V-1b
Signal and Noise Levels
CCS Test Receiver with Xy, X5, and X3 = 20 db
Total
Sig. N Noise
Level " YA Ny NBW Power S/N
Symbol Point dom  dbm/cy  dbm/cy MHz dbm db
P S-Band Input -0 - ~164 10 -9l 2l
(referred
to input)
P, Input to AGC'd -20 .- -11 10 -24 +24
Amp ‘
P3 Output of =70 - =16l -164 10 -91 +21
AGC'd Amp
Ph Input to Mixer 60 =151 =16} 10 -81 +21
Pe Output of Mixer -70 =161 -1k 10 -74 +)
e, 10 Miiz Output -0 -13) ~164 10 -6l +
r, 10 iz Output -60 a3y -16l L -68 +8
P7 Input to 10 MHz ~05 =139 -164 L -73 +§

Amp/Filter e
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If improvements to either the command demodulator or the sub-bit demodulator
are to be made, then this scheme §r én equivalent is necessary, Also, this
scheme will allow a more complete checkout of the command system,
5.3 RANGING SELF-CHECK FEATURE

After the Ranging Subsystem ﬁas deéigned, and during the system check-out,
a very useful test was performed on thq‘Range‘Delay Counter and PN Coder/Decoder.
This test consisted of a Self-check of these two drawers. The purpose of this
set of tests is as follows: |

1. Give confidence that the Range Delay Counter and PN Coder/Decoder are

working properly.

2. Greatly simplifies troubleshooting of the Ranging Subsystem,

It is recommended that the PN Codef/Decoder and the Range Delay Counter be
modified as described below, |

This retrofit will require fhe addifion of a FC card in the Coder Bay assembly,
a 1 MHz amplifier in the Range Delay Counter, three coax relays in the coder and
associated bay, drawer and drawer interface wiring. The SELF TEST logic is shown
in Fipure 5-3., A normal-test switch‘will be added to the rear bulkhead of the
Coder, This switch, when set in the test mode, will enable three coax relays
which in turn switch the Coder's Tx CL, Rx CL and CL inputs from the ranging
receiver to the internal clock generétqr. The normal-test switch will also enable
a correlation-voltage generator and é tést indicator light when the switch is set
to the test mode. The Coder's auto acduisition start switch~light will be con-
verted into a start switch-light and seifatest indicator, The self-test indicator
vill be enabled when the Coder/Range“Deiay Counter is operating in the self-test
mode. The total code acqguired light 'will be converted into a switch-light., The
switch will (enabled during self-test)'select either a 25% or 100% correlation

leyel,
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The operator may set the Coder andqRange Delay Counter in the self-test mode
by:

1. Set the MANUAL-TEST switch to TEST.

2. The digital system is now readj for self-test operation and it is suggested

that the operator follow the Coder/Range Delay Counter self-test procedure
outlined in the operational manual,
5.4 PCM BIT ERROR DETECTOR

The performance of the 1.024 MHz.BgéPhase PCM Modulator in the transponder
can best be determined quantitatively by measuring the bit-error rate under
various conditions. For more complete tests, then, it is recommended that a
message generator, bit synchronizer,-and bit-error detector be used. The CCS
Test Set can be easily modified to allow the addition of this equipment, An
example of how it could be set up is shown in Figure S5«l,
5.5 DYNAMIC RANGING SUBSYSTEM AND DYNAﬁIC RANGE AND DOPPLER SIMULATOR
The present Ranging Subsystgw‘was designed to test transponders. As such,
it was not designed to be used with a changing (dynamic) range or doppler. For
experimental purposes, it might be desifable to have this capability,
Modifications to the present CCS Test Set that would allow this, are as
follovis s |
1. Substitution of a VCO loop for the automatic phase control loop in the
Ranging Receiver.
2. The addition of a code clock transfer loop to the Ranging‘Receiver.
3. The addition of a dynamic r-f déppler unit,
i+ The addition of a dynamic ranging unit. This unit should alse allow
the presetting of any "Start" range,
The first two items are relatively straight foreward, and could be accomplished

by the addition/chanpe of several modules in the ranging drawer, A switch could

5-8
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select the present (static) method or the dynamic method. There are several

ways that the last two items could be accomplished., One way is shown in the
block diagram, Figure 5-5,

. 5-10
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